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APPARATUS AND METHOD FOR FORMING
THIN FILM |

BACKGROUND OF THE INVENTION

The present invention relates to an apparatus and method
for forming a thin film to be used in semiconductor devices
or liquid crystal panels, etc., and an apparatus and method
for forming a film and pattern-etching to obtain the desired
thin film that is particularly designed to improve the yield.

With the remarkable progress of semiconductor devices
toward high-density and a highly integrated structure, the
devices become more and more finely constructed in com-

plicate arrangements fully utilizing multi-layered wiring
technology. |

Conventionally, BPSG films, Si0O, films, PSG films, NSG
films, or S1ION films obtained through atmospheric pressure
CVD, low pressure CVD, or plasma CVD are often used as
interlayer dielectrics. Or, a liquid glass agent applied on a
substrate with metallic wiring is set up through thermal
treatment to thereby to obtain an interlayer dielectric film.

One example of a conventional thin film forming appa-
ratus will be described with reference to FIG. 10.

FIG. 10 illustrates the structure of a conventional atmo-
spheric pressure CVD apparatus employed in a manufactur-
ing process of semiconductors. In FIG. 10, a substrate 1 set
on a fransfer holder 2 is sent to a lamp heating chamber 4
while it is supported on a conveyor 3 driven by a driving
means (not shown). The ambience in the chamber 4 is
controlled by an inert gas such as nitrogen gas or the like.
The substrate 1, preliminarily heated in the lamp heating
chamber 4, is sent to an atmospheric CVD film forming
chamber 3. In the film forming chamber §, the substrate 1 is

kept at a predetermined temperature by a heater 6 via the
transfer holder 2 in order to react at the surface thereof with
a reaction gas introduced into the chamber § through a gas
nozzle 7. At this time, while a predetermined pressure is
impressed on the reaction gas by a pressure control means
(not shown), the reaction gas is discharged from a discharge
port 8. As a result, a desired BPSG film or an SiO, film is
formed. The reaction gas for the BPSG film is a mixture of
silane (represented as SiH, hereinbelow), oxygen (repre-
sented by O, bereinafter), phosphine (PH,), and diborane
(B,Hg). On the other hand, the reaction gas for the SiO,film
is mixture of tetraethoxysilane (TEOS) and ozone (O,). The
substrate 1 on which the above film is formed is then sent
into a cooling chamber 9 by the holder 2 and the conveyor
3, and cooled to a predetermined temperature in a nitrogen
atmosphere. Thereafter, the substrate is separated from the

holder 2 by a carry-out arm 10 and stored in a substrate
cassette 11.

In general, the aforementioned BPSG films, SiO,films,
PSG films, NSG films, SiON films, etc. have high hygro-
scopic properties. Therefore, the films absorb moisture over
time, resulting in dust on the surface thereof and inviting a
deterioration of their insulating properties.

Moreover, if a metallic wiring pattern, a semiconductor
film pattern, or an insulating film pattern is also present on
the surface of the substrate, the forming speed of the films
or the quality of the films may differ depending on the
differences of the surface properties of the films.

In the prior art, therefore, the thin BPSG films absorbing
moisture cannot be avoided while the substrate 1 with the
film 1s stored in the substrate cassette 11 or the substrate 1
is carried and transferred to a next process, resulting in the
reaction of B and P in the film, with dust generated on the
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surface of the substrate 1 or the insulation of the film being
deteriorated. That is, the quality of the films cannot be
maintained to be constant and stable, and the yield is poor.

In the case where the surface of the substrate, before the
film 1s formed thereon by an atmospheric pressure CVD
apparatus, 1s not coated with a layer of single quality, e.g.,
if a metallic wiring pattern, a semiconductor film pattern, or
an insulating film pattern 1s intermingled, the thickness or
the quality of the Si0, film cannot be uniformly secured due
to the dependency on the undercoat, and the yield is lowered.

SUMMARY OF THE INVENTION

-~ The object of the present invention is therefore to provide
an apparatus and method for forming a thin film which can
prevent the generation of dust on the surface of a film after

the film is formed on a substrate and the deterioration of the
properties of the film.

In accomplishing the object, according to one aspect of
the present invention, there is provided a forming apparatus
of a thin film comprising a processing chamber where a
predetermined process is carried out on a surface of a
supplied substrate, and a feeding device provided on the
processing chamber for feeding material to form an organic
molecular layer, including silicon or germanium, on the
surface of the substrate.

According to another aspect of the present invention,
there 1s provided a forming method of a thin film, compris-
ing steps of:

forming a thin film on a surface of a supplied substrate in
a processing chamber; and

feeding material for forming an organic molecular layer
including silicon or germaniumn on the formed thin film
on the surface of the substrate through a feeding device
in the processing chamber, and then forming the
organic molecular layer on the surface of the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and features of the present
invention will become clear from the following description
taken in conjunction with preferred embodiments thereof
and with reference to the accompanying drawings, through-

out which like parts are designated by like reference numer-
als, and in which:

FIG. 1 is a cross sectional view of an atmospheric
pressure CVD apparatus in a first embodiment of the present
invention:

FIG. 2 1s a diagram explanatory of a reaction when an
organic molecular layer is formed;

FIGS. 3A and 3B are a cross sectional view and an
enlarged view of the portion shown by arrow III in FIG. 3A,

respectively, of a forming chamber of an organic molecular
layer 1n a modification of the first embodiment;

FIG. 4 is a cross sectional view of a forming chamber of

an organic molecular layer in a further modification of the
first embodiment;

FIG. 5 1s a cross sectional view of an atmospheric
pressure CVD apparatus in a second embodiment of the
present invention;

FIG. 6 1s a cross sectional view of a thin film forming
apparatus in a third embodiment of the present invention;

FIG. 7 is a cross sectional view of a thin film forming

apparatus according to a fourth embodiment of the present
invention;
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FIG. 8 is a plane view showing the disposition of the thin
film forming apparatus of FIG. 7;

FIG. 9 1s a cross sectional view of a thin film forming
apparatus in a fifth embodiment of the present invention; and

FIG. 10 is a cross sectional view of a conventional
atmospheric pressure CVD apparatus.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Before the description of the present invention proceeds,
it 1S to be noted that like parts are designated by like
reference numerals throughout the accompanying drawings.

A first embodiment and modified examples thereof

according to the present invention will be discussed with
reference to FIGS. 1-4.

FIG. 1 illustrates the structure of an atmospheric pressure
CVD apparatus. A substrate 21 is set on a conveyor 23 while
the substrate 21 is held on a transfer holder 22, and sent to
a heating chamber 24. The heating chamber 24, having a
heating lamp 25 thereinside, heats the substrate 21 to a

predetermined temperature. At this time, the ambience of the

heating chamber 24 controlled by an inert gas, for example,
nitrogen or the like. After the substrate 21 is completely
heated, the substrate 21 is moved to a film forming chamber
26 on the conveyor 23. A gas nozzle 28 is extended into the
film forming chamber 26. A discharge port 29 of the
chamber 26 is connected to a discharging means (not
shown). SiH,, O,, PH,, and B,H, gas is supplied as reaction
gas onto the substrate 21 through the gas nozzle 28. The flow
rate of each gas is controlled and also the pressure in the
chamber 26 is controlled approximately at normal pressures.
Moreover, the temperature of the substrate 21 here is con-
trolled by a heater 27. In this condition, the reaction gas
forms a thin BPSG film of the predetermined thickness on

the substrate 21, and is then discharged out from the
discharge port 29.

After the BPSG film is formed on the substrate 21, the
substrate 21 held on the transfer holder 22 is carried to a
cooling chamber 30. N, gas is introduced into the cooling
chamber 30 so as to prevent properties from changing on the
surface of the substrate 21 and to facilitate the cooling effect
through heat transfer. At the same time, a cooling plate 42
having a cooling water conduit arranged therein is provided
below the transfer holder 22 to positively cool the transfer
holder 22 and the substrate 21. N, gas is supplied towards
the gap between the upper surface of the cooling plate 42
and the transfer holder 22 by a cooling gas nozzle 43. After
the substrate 21 and the transfer holder 22 are cooled to
predetermined temperatures in the cooling chamber 30, the
substrate 21 and the substrate holder 22 are guided to an
organic molecular layer forming chamber 37. |

An organic liquid material 41 for forming an organic
molecular layer, hexamethyldisilazane (referred to as
HMDS), is sealed in an organic liquid container 34. Nitrogen

gas as a bubbling gas is fed via a gas flow control means (not
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discharge port 39. In order to separate the N, gas in the
cooling chamber 30 and the gasified HMDS in the organic
molecular layer forming chamber 37 from each other, a gas
shutting room 46 1s defined by a partition plate 47 between
the chambers 30 and 37. The gas in the room 46 is dis-
charged outside from a discharge port 45. After a predeter-
mined organic molecular layer is formed on the substrate 21

~ 1n the forming chamber 37, the substrate 21 is taken out from

the chamber 37 by the conveyor 23, put on a carrying arm
32 by a switching instrument 31, and stored in a cassette 33
by the carrying arm 32.

In the foregoing embodiment, when the organic molecular
layer is formed, the substrate 21 is kept at 130° C. (reaction
temperature), and the flow rate, the pressure, and the feeding
time of the gasified HMDS are 5 sccm, 1 atm., and five
minutes, respectively. Owing to the formation of the organic
molecular layer, a hydrophobic surface layer is formed on

the surface of the BPSG film, and therefore dust does not
arise for 12 hours or more and the insulating properties of
the film are good.

According to the atmospheric pressure CVD apparatus in
the above embodiment, the organic molecular layer forming
chamber 37 is coupled to the BPSG film forming chamber |
26. Since the HMDS is supplied to the surface of the BPSG
film after the HMDS is gasified by heating, an organic
molecular layer including silicon which can prevent the
absorption of water to the BPSG film is formed. Accord-
ingly, dust is prevented from generating on the surface of the
substrate and the properties of the film are prevented from
deteriorating. In other words, since the surface of the thin
BPSG film has an OH group unless the OH group is
removed, the OH group would be readily coupled with the
moisture to thereby generate dust or deteriorate the proper-
ties of the film. According to the embodiment, however, the
orgaric material including silicon is supplied to the surface
of the BPSG film and substituted for the H in the OH group,
as indicated in FIG. 2, the O being coupled with Si.
Accordingly, a hydrophobic organic molecular layer is
formed to thereby prevent the generation of dust on the
surface of the substrate and the deterioration of the film
properties. The organic material can include germanium
instead of silicon in order to substitute Ge for H in the OH
group and still accomplish the same effect. |

Although the HMDS as a liquid material to form the
organic molecular layer is heated and bubbled in FIG. 1, the
Venturi effect can be utilized as shown in FIGS. 3A and 3B.
Referring to FIGS. 3A and 3B, the substrate 21, substrate
holder 22, conveyor 23, organic molecular layer forming
chamber 37, HMDS discharge port 39, heater 40, organic
liquid container 34, and liquid HMDS 41 are the same as in
FIG. 1, except that a narrow tube 56 is extended to the
exterior of the container 34 from within the liquid HMDS
41. The tube 56 is connected to a narrow part 55 of a feed
pipe 51 performing the Venturi effect. When compressed
nitrogen gas is supplied into the feed pipe 51 via a pressure
regulator 52, the nitrogen gas is turned into the jet flow at a
narrow part 53, thereby sucking the liquid HMDS and
further vaporizing or atomizing the liquid HMDS to feed it
to the surface of the substrate 21. The liquid HMDS is
supplied or stopped by automatic valves 53 and 54 arranged
in the feed pipe 51 so that the narrow part 55 held between
them 18 opened or closed simultaneously. Moreover, a heater
37 is provided in the feed pipe 51 to hold the HMDS in the
vaporized state. The same effect as in FIG. 1 is hence
achieved in the arrangement of FIGS. 3A and 3B.

In FIGS. 1, 3A, and 3B, the HMDS is supplied by heating
and bubbling and also by the Venturi effect. However, the
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liquid HMDS can be dropped with the HMDS in the liquid
state and applied all over the surface of the substrate 21 by
a spin coating method. FIG. 4 shows an arrangement where

the liquid HMDS is applied onto the substrate 21. In FIG. 4,
the substrate 21, substrate holder 22, conveyor 23, organic

molecular layer forming chamber 37, HMDS discharge port
39, organic liquid container 34, and liquid HMDS 41 are the
same as in FIG. 1. A different point from FIG. 1 is that a
predetermined pressure is impressed to the surface of the
liquid HMDS 41 by nitrogen gas through a pressure pipe 63
connected to the organic liquid container 34, thereby send-
ing the liquid HMDS into a liquid feed pipe 61 extended
outside of the container 34. A predetermined amount of the
liquid HMDS is dropped on the surface of the substrate 21
in the forming chamber 37. The substrate holder 22 holding
the substrate 21 is mounted on a spin coater 62 rotated by a
rotary driving device 201. The dropped liqguid HMDS is
spread and applied all over the surface of the substrate 21.
The spin coater 62 has a heater (not shown) built thereinside,
and therefore the surface temperature of the substrate 21 is
maintained at approximately 130° C. when the liquid HMDS
is applied. Accordingly, the same effect as in FIGS. 1, 3A,
and 3B is achieved by the construction of FIG. 4.

A second embodiment of the present invention will be
depicted with reference to FIG. 5.

FI1G. 5 shows an atmospheric pressure CVD apparatus for
forming an Si10, film. Reference numerals in FIG. 5 denote
respectively: 71 a substrate; 72 a substrate holder; 73 a
conveyor; 74 a heating chamber; 75 a heating lamp; 76 a
film forming chamber; 77 a heater; 78 a gas nozzle; 79 a
discharge port; 80 a cooling chamber; 81 a switching instru-
ment of substrates; 82 a carrying arm; 83 a cassette; 84 an
organic liquid container; 85 a heating container; 86 a bub-
bling gas introduction port; 87 an organic molecular layer
forming chamber; 88 an organic material gas feed pipe; 89
an HMDS discharge port; 90 a heater; and 91 an organic
liquid material (HMDS). These are the same components as
in the first embodiment of FIG. 1.

Referring further to FIG. 5, reference numeral 92 indi-
cates a take-out cassette, 93 is a carrying arm, and 94 is a
switching instrument at the side where the substrates are
taken out.

The difference of the second embodiment from FIG. 1 is
that the substrate 71 1s sent to the organic molecular layer
forming chamber 87 before the substrate 71 is processed in
the film forming chamber 76 and, moreover, before the
substrate 71 1s preliminarily heated. That is, a target thin film
is obtained by the atmospheric pressure CVD process after

the organic molecular layer is formed on the surface of the
substrate 71.

The operation will be described below.

A wiring pattern of aluminum alloy is formed on the
substrate 71 after an insulating film is formed all over the
surface of the substrate 71. Then, the substrate 71 is placed
onto the transfer holder 72 on the conveyor 73 by the
carrying arm 93 from the take-out cassette 92. The substrate
71, together with the transfer holder 72, is sent first to the
organic molecular layer forming chamber 87. A hydrophobic
uniform organic molecular layer mainly composed of silicon
1s formed all over the surface of the substrate 71 in the same
manner as in FIG. 1. Subsequently, the substrate 71 is heated
to a predetermined temperature in the heating chamber 74
and then sent to the film forming chamber 76. In the film
forming chamber 76, a mixture of TEOS and O, gas is
supplied as a reaction gas to the substrate 71 from the gas
nozzle 78 while the flow rate of each gas is controlled and
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each gas is controlled at approximately normal pressures.
The muxture of gas, while forming an SiO, film of a
predetermined thickness, is discharged through the dis-
charge port 79. The substrate 71, after having the SiO, film
formed thereon, is cooled to a predetermined temperature in
the cooling chamber 80 and then transferred to the transfer
arm 82 by the switching instrument 81 and housed in the
cassette 83.

The 510, film obtained as above shows no dependency on
the undercoat, 1.e., no difference in the film quality, irregu-
larity and the forming speed resulting from a difference
between the insulating film and the wiring pattern. The
surface of the insulating SiO, film is smooth.

As described hereinabove, in the atmospheric pressure
CVD apparatus of the second embodiment of the present
invention, the organic molecular layer forming chamber 87
1s coupled to the film forming chamber 76, where the heated
and bubbled HMDS including silicon is supplied to the
surface of the substrate 71 to thereby form the organic
molecular layer. Because the SiO, film is formed thereafter,
the unevenness of the film quality because of the mixing of
various kinds of materials on the undercoat is prevented.

Although HMDS as liquid material to form the organic
molecular layer is heated and bubbled in the second embodi-
ment as above, the Venturi effect can also be utilized as
described earlier with reference to FIGS. 3A and 3B, or

HMDS can be applied in the liquid state as shown in FIG.
4. | |

A third embodiment of the present invention will be
discussed with reference to FIG. 6.

FIG. 6 shows the structure of a CVD apparatus or a
plasma dry etching apparatus, in which reference numerals
denote respectively: 101 a substrate; 102 a vacuum chamber;
103 a susceptor; 104 an impressing electrode; 105 a gas
introduction port; 106 a gas blow-out plate; 107 a high
frequency power source; 108 a discharge port; 109 an arm
accommodating chamber; 110 a gate valve; 111 a push-up
pin; 112 a transferring/holding arm; 113 an organic liquid
container; 114 a heating container; 115 organic liquid mate-
rial; 116 an organic material gas feed pipe; 117 a valve; 118
a flow control valve; and 200 an evacuating device. In the
third embodiment here, the vacuum chamber 102 for a CVD

or dry etching process works also as an organic molecular
layer forming chamber.

The operation of the CVD apparatus will be described
first.

The vacuum chamber 102 and the arm accommodating
chamber 109 are kept in a vacuum by the evacuating device
200. The substrate 101 placed on the transferring/holding
arm 112 is, through the gate valve 110, moved to the vacuum
chamber 102 from the arm accommodating chamber 109.
The substrate 101 is pushed up by the push-up pin 111 above
the transferring/holding arm 112. The transferring/holding
arm 112 1is returned to the arm accommodating chamber 109,
and at the same time the push-up pin 111 is lowered to place
the substrate 101 onto the susceptor 103 having a heater

- thereinside. Then, with the gate valve 110 closed, the

vacuum chamber 102 is evacuated to a predetermined
degree of vacuum by a discharging means (not shown)
connected to the discharge port 108, and the substrate 101 is
heated to a predetermined temperature (for instance, 400°
C.) via the susceptor 103. Thereafter, a reaction gas, namely,
a mixture of SiH,, O, PH;, and P,H, gas, is supplied onto
the substrate 101 through the gas blow-out plate 106 from
the gas introduction port 105 while the flow rate of each gas
1s controlled. During this time, the mixed gas is also dis-
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charged from the discharge port 108 via a pressure control
valve (not shown), so that a thin BPSG film of a predeter-

mined thickness is formed on the surface of the substrate
101.

After the BPSG film 1s formed on the substrate 101, the

supply of the reaction gas is stopped and the vacuum
chamber 102 is evacuated into a high vacuum state. The
push-up pin 111 is raised to push up the substrate 101 and the

transferring/holding arm 112 is moved below the substrate
101 by opening the gate valve 110. Then, the push-up pin
111 is lowered to place the substrate 101 onto the arm 112.
At this time, since the transferring/holding arm 112 has a
lower temperature than the substrate 101, the substrate 101
1s cooled. More specifically, the substrate 101 is kept in the
above state for a predetermined time thereby to be cooled to
200° C. or less. Subsequently, the valve 117 communicating
with the organic liquid container 113 is opened to reduce the
pressure inside the organic liquid container 113 and the
organic material gas feed pipe 116 which connects the valve
117 with the vacuum chamber 102. The boiling point of the

organic liquid material (HMDS) is consequently decreased
to promote vaporization. The organic liquid material is thus
supplied onto the substrate 101 in the vacuum chamber 102.
Preferably, the flow control valve 118 provided in the middle
of the organic material gas feed pipe 116 controls the flow
rate of the vaporized organic material gas. It is preferable, in
order to realize positive vaporization, that the organic liquid
container 113 1s accommodated in the heating container 114
to control the heating of the container 113.

The gas in the vacuum chamber 102 is discharged again
through the discharge port 108 after the organic molecular
layer including silicon is formed on the surface of the BPSG
film as described in the foregoing embodiment. The trans-
ferring/holding arm 112 is returned to the arm accommo-

dating chamber 109, thus completing a sequence of opera-
tions.

Now, a dry etching apparatus will be depicted hereinbe-
low. | |

An aluminum or aluminum alloy film is formed all over
the surface of an insulating film, and a resist mask pattern is
formed on the aluminum or aluminum alloy film of the
substrate 101. The substrate 101 is placed on the susceptor

103, similar to the above operation of the CVD apparatus. A

mixture of BCl, and chlorine or the like as an etching
reaction gas is guided inside the vacuum chamber 102 while

the flow rate of the gas is controlled at the gas introduction

port 105 and the gas blow-out plate 106, and discharged
through the discharge port 108 via a pressure control valve
(not shown). While the vacuum chamber 102 is maintained
at a predetermined degree of vacuum, high frequency power
1s supplied from the high frequency power source 107 to the
clectrode 104, whereby plasma is generated in a space
between the blow-out plate 106, electrically coupled with
the electrode 104, and the susceptor 103. The aluminum or
aluminum alloy film is etched until the insulating undercoat
film is exposed. Thereafter, the vacuum chamber 102 is once
evacuated to a mgh degree of vacuum, and oxygen gas is fed
into the vacuum chamber 102 via the gas blow-out plate 106.
In consequence, plasma is again generated to react with the
resist mask pattern to remove the pattern, thereby exposing
the aluminum or aluminum alloy pattern.

Both the insulating film pattern and the aluminum or
aluminum alloy pattern are mingled with each other and
exposed on the surface of the substrate 101. Thereafter, an
organic molecular layer including silicon is formed wholly
on the surface of the substrate 101 in the same fashion as the
CVD apparatus described above.
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Since the vacuum chamber 102 for the CVD process
serves also as the organic molecular layer forming chamber,
it 1s possible to coat the organic molecular layer over the
substrate after the BPSG film is formed on the substrate in
the CVD process, without exposing the surface of the

substrate to the air. Therefore, the BPSG film can be
perfectly prevented from absorbing moisture, so that the
generation of dust on the surface of the substrate or the

deterioration of the film propertics can be prevented.

In case of the dry etching, since the vacuum chamber 102
for dry etching process serves also as the organic molecular
layer forming chamber, the organic molecular layer is
formed without bringing the surface of the BPSG or the like
insulating film exposed through etching of the aluminum or
aluminum alloy pattern in touch with the air, and thus the
BPSG film 1s surely prevented from absorbing moisture.
Moreover, since the same organic molecular layer is formed
both on the surface of the insulating film and on the surface
of the aluminum or aluminum alloy pattern, the irregularity
of the film due to the mixing of different kinds of material
on the undercoat 1s prevented.

A fourth embodiment of the present invention will be
described with reference to FIGS. 7 and 8.

FIG. 7 indicates the cross sectional structure of a CVD
apparatus or a plasma dry etching apparatus. In FIG. 7, the
reference numerals denote respectively: 101 a substrate; 102
a vacuum chamber constituting a CVD processing chamber
120 or a dry etching processing chamber 121; 103 a sus-
ceptor; 104 a to-be-impressed electrode; 105 a gas introduc-
tion port; 106 a gas blow-out plate; 107 a high frequency
power source; 108 a discharge port; 109 an arm accommo-
dating chamber; 110 a gate valve; 111 a push-up pin; 112 a
transferring/holding arm; 113 an organic liquid container;
114 a heating container; 115 organic liquid material
(HMDS); 116 an organic material gas feed pipe; 117 a valve;
and 118 a flow control valve. The components are the same
as shown 1in FIG. 6.

The fourth embodiment is different from the first embodi-
ment in FIGS. 3A and 3B in that the vacuum chamber 102
works solely as a CVD process or a dry etching process, not
serving to form an organic molecular layer, and an organic
molecular layer forming chamber 122 is independently
connected to the arm accommodating chamber 109 via a
second gate valve 130. Further, reference numeral 119
denotes a second discharge port to evacuate the arm accom-
modating chamber 109, and reference numeral 128 denotes
a third discharge port to evacuate the organic molecular
layer forming chamber 122 and to discharge the organic
material gas. The substrate 101 is held at a predetermined
temperature in the range of 100°-200° C. by a second
susceptor 123 when the organic molecular layer is formed.
A heater for supporting the substrate 101 is incorporated in
the second susceptor 123. The other reference numerals 126,
132, and 133 respectively denote an organic material gas
blow-out plate, a bubbling N, feed pipe, a bubbling N,
valve. The organic material gas feed pipe 116 is connected
to the organic molecular layer forming chamber 122.

- In the fourth embodiment, as is made clear from FIG. 8,
the CVD processing chamber 120, the dry etching process-
ing chamber 121, and the organic molecular layer forming
chamber 122 are combined into one unit of the apparatus.

The operation of the unit will now be described.

The substrate 101 has an aluminum or aluminum alloy
film formed all over the surface of an insulating film, with
a resist mask pattern formed on the upper surface of the
aluminum or aluminum alloy film. The substrate 101 is set
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in a loader/unloader section 135. The arm accommodating
chamber 109 is changed to atmospheric pressure, and the
substrate 101 1s placed on the transferring arm 112 via a third
gate valve 134. The arm accommodating chamber 109 is
then evacuated through the second discharge port 119. The
substrate 101 1is then carried and transferred to each chamber
by the transferring arm 112. The aluminum or aluminum
alloy film is etched and the resist mask pattern is removed
from the substrate 101 in the vacuum dry etching processing
chamber 121 in the same manner as in the third embodiment.
Then, the substrate 101 is moved by the transferring arm 112
to be placed on the second susceptor 123 inside the organic
molecular layer forming chamber 122 held in the vacuum
state. After the surface of the substrate 101 is heated to 130°
C. by the built-in heater, the valve 117 and the bubbling N,
valve 133 are opened to feed the HMDS gas as well as N,
gas to the substrate 101 through the organic material gas
feed pipe 116 and the organic material gas blow-out plate
126 with a plurality of through-holes. The gas is also
discharged through the third discharge port 128 during this
time. Accordingly, an organic molecular layer including
silicon 18 formed on the surface of the substrate 101. The
substrate 101 is then moved to the CVD processing chamber
120 in vacuum, where thin BPSG film is formed in the same
operation as in the third embodiment. Then the substrate 101
is again moved to the organic molecular layer forming
chamber 122, and the organic molecular layer including

silicon 1s formed totally on the surface of the substrate 101
in the same manner as above.

As discussed hereinabove, according to the fourth
embodiment of the present invention, since the CVD pro-
cessing chamber 120, the dry etching processing chamber
121, and the organic molecular layer forming chamber 122
are connected to each other by the centered arm accommo-
dating chamber 109 maintained in vacuum, the BPSG film
or the like insulating film is prevented from being irregular
due to the dependency on the undercoat of mixture of
various kinds of material when the insulating film is formed
by one apparatus. At the same time, the absorption of
moisture by the BPSG film is completely prevented, so that
the generation of dust and the deterioration of the film
properties can be prevented. The substrate can be continu-

ously processed through the dry etchmg and CVD ftreat-
ments with good yield.

A fifth embodiment of the present invention will be
explained with reference to FIG. 9.

FIG. 9 is a cross sectional structural diagram of a CVD
apparatus or a plasma dry etching apparatus. The compo-
nents designated by 101, 102, 109, 110, 112, 116, 119, and
126 are the same as those of FIG. 7. More specifically, 101
1S a substrate, 102 a vacuum chamber for a CVD process or
a dry etching process, 109 an arm accommodating chamber,
110 a gate valve, 112 a transferring/holding arm, 116 an
organic material gas feed pipe, 119 a second discharge port
connected to the arm accommodating chamber 109, and 126
an organic material gas blow-out plate.

What 1s different from the fourth embodiment is that a
- plate 136 incorporating a heater is arranged at one side, and
the organic material gas feed pipe 116 and the organic
material gas blow-out plate 126 are set at the other side of
the arm accommodating chamber 109 via the transferring/
holding arm 112, so that an organic molecular layer is
formed on the surface of the substrate 101 in the arm
accommodating chamber 109.

Since the organic molecular layer forming chamber func-
tions also as the arm accommodating chamber 109, the
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continuous processing apparatus as in FIG. 8 can be sim-
plified in structure.

In each of the foregoing embodiments, HMDS is used as
an organic liquid material to form the organic molecular
layer. However, the compound including silane, siloxane
disilazane, trisilazane, siloxysilane, and piperazine, or the
compound including germanium halide and aminogerma-
nium can be as effective as HMDS.

As 1s fully described hereinabove, the organic molecular
layer forming chamber with means for feeding the material
to form an organic molecular layer including silicon or
germanium on the surface of the substrate is coupled to or
provided adjacent to the film forming chamber, or the
material feeding means is arranged in the film forming
chamber. Therefore, the organic molecular layer is formed
on the thin film of the substrate, thus preventing the thin film
from absorbing moisture. It becomes possible to prevent the
generation of dust and the deterioration of the film proper-
ties. When the molecular organic film is formed before the
formation of the thin film, even if different kinds of material
are intermingled on the surface of the substrate, the thin film
can be formed uniformly without dependence on the under-
coat. Moreover, since the film forming chamber, the etching
processing chamber, and the organic molecular layer form-
ing chamber are defined in one apparatus and the substrate
1s transierred therebetween by the transferring means, it
becomes possible to prevent the irregularity of the thin film
resulting from the dependency on the undercoat, and the
generation of dust and the deterioration of the film proper-
ties. The thin film can be continuously formed or etched with
good yield. The substrate transferring means arranged in the

organic molecular layer forming chamber 51mp11ﬁes the
structure of the apparatus.

That 1s, after the thin film is formed on the substrate in the
processing chamber, the organic molecular layer including
silicon or germanium is formed on the surface of the thin
film in the processing chamber or in the organic molecular
Jayer forming chamber where the substrate is passed in a
short time. Therefore, moisture is prevented from being
mixed into the thin film after the film is formed. In other
words, since the surface of the thin film has an OH group
unless it 1s treated, the OH group would be readily coupled
with the moisture to thereby generate dusts or deteriorate the
properties of the film. According to the present invention,
however, the organic material including silicon or germa-
nium is supplied to the surface of the film, and substituted
with H in the OH group as indicated in FIG. 2, coupled with
S1 or Ge. Accordingly, a hydrophobic organic molecular
layer 1s formed to thereby prevent the generation of dust on
the surface of the substrate and deterioration of the film
properties.

Moreover, since the organic molecular layer including
silicon or germanium is formed on the whole surface of the
substrate 1n the organic molecular layer forming chamber or
in the thin film forming chamber before the formation of the
thin film, it is possible to form the thin film uniformly with
no dependence on the undercoat even when a pattern of
various kinds of materials is on the surface of the substrate.
The organic molecular layer is evaporated and scattered
easily in a next process, thus not having an adverse influ-
ences to the substrate,

Although the present invention has been fully described in
connection with the preferred embodiments thereof and with
reference to the accompanying drawings, it is to be noted
that various changes and modifications will be apparent to
those skilled in the art. Such changes and modifications are
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to be understood as included within the scope of the present
invention as defined by the appended claims unless they
depart therefrom.

What 1s claimed is:

1. An apparatus comprising:

a vacuum chamber for forming a thin film on a substrate,
said vacuum chamber having a gas blow-out plate
therein for blowing gas into said vacuum chamber;

an organic molecular layer forming chamber located
adjacent to said vacuum chamber for forming an
organic layer on the substrate, said forming chamber
comprising a substrate carrying device therein, said
substrate carrying device comprising a transfer arm
movable between one position in said vacuum chamber
and another position in said forming chamber for
transferring the substrate between said vacuum cham-
ber and said forming chamber, and an organic material
gas blow-out plate; and

a feeding device connected with said organic material gas
blow-out plate for feeding material to said forming
chamber for forming an organic molecular layer that

includes one of silicon and germanium on the surface

of the substrate;

wherein said gas blow-out plate of said vacuum chamber
has a plurality ot blow-holes therein for blowing gas
located opposite to said transfer arm when said transfer
arm is in said one position in said vacuum chamber and
said organic material gas blow-out plate has a plurality
of blow-holes therein for blowing gas located opposite
to said transfer arm when said transfer arm in said
another position in said forming chamber.

2. The apparatus of claim 1, wherein said vacuum cham-
ber and said forming chamber are connected to each other
through a gate valve through which said transfer arm of said
substrate carrying device can move.
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3. The apparatus of claim 1, wherein said feeding device
comprises a vaporizer for heating and vaporizing an organic
liquid material that includes one of silicon and germanium.

4. The apparatus of claim 3, wherein said vaporizer is
connected to a container having said organic liquid material

therein, said organic liquid material being selected from the

group consisting of a compound comprising silane, silozane,
disilazine, trisilazane, siloxysilane, and piperazine, and a
compound comprising germanium halogen and aminoger-
manium. |

5. The apparatus of claim 1, wherein said vacuum cham-
ber further comprises a discharge port and a gas introduction
port connected with said gas blow-out plate.

6. The apparatus of claim 1, wherein said vacuum cham-
ber further comprises a high frequency power source con-
nected with an impressing electrode, said impressing elec-
trode being connected with said gas blow-out plate thereof.

7. The apparatus of claim 1, wherein said vacuum cham-
ber further comprises a susceptor for supporting the sub-
strate thereon and a push-up pin movable up through said
susceplor.

8. The apparatus of claim 1, wherein said forming cham-
ber further comprises a heater plate, said heater plate and
said organic material gas blow-out plate having said transfer
arm therebetween in said another position thereof.

9. The apparatus of claim 1, wherein a plurality of said
vacuum chamber are connected to said forming chamber by
respective gate valves, said transfer arm being movable

through said respective gate valves into the respective
vacuum chambers.
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